Fast pyrolysis of wheat straw and rice husk was carried out in an entrained flow reactor at high-temperatures (1000-1500)
croscopy, particle size analysis with CAMSIZER XT, 29 Si and 13 C solid-state nuclear magnetic resonance spectroscopy and thermogravimetric analysis to investigate the effect of inorganic matter on the char morphology and oxygen reactivity. The silicon compounds were dispersed throughout the turbostratic structure of rice husk char in an amorphous phase with a low melting temperature (≈ 730 • C), which led to the formation of a glassy char shell, resulting in a preserved particle size and shape of chars. The high alkali content in the wheat straw resulted in higher char reactivity, whereas the lower silicon whereas crystalline silicon oxides are produced at 1000
• C with combustion 43 time greater than 5 min.
44
Several different methods have been used to characterize silicates from 45 biomass pyrolysis and combustion. Nair et al. [17] showed that 1 H - 29 Si
46
CP/MAS solid-state NMR spectroscopy is more accurate than X-ray diffrac-tion for the detection and quantification of the amorphous and crystalline Si wheat straw chars were characterized by N 2 -adsorption, X-ray diffraction
65
(XRD), scanning electron microscopy (SEM), 13 C and 29 Si solid-state nu-
66
clear magnetic resonance spectroscopy (NMR). The reactivity and burnout 67 of herbaceous chars were studied using a thermogravimetric (TG) analyzer. in two steps on a hammer mill down to 1 mm and thereafter down to 0.15 mm.
88
In addition, wheat straw and rice husk were sieved to a particle size fraction with nitrogen of 99.999 % high purity (1) to prevent air entering the reactor.
119
It consists of two independently acting dosing systems which are placed on 120 opposite sides. Each feeding system contains three vibrational chutes and 121 one batch weighting unit for a constant and uniform transport of the biomass 122 materials into the reactor.
123
The mass flow of the pulverized biomass can be varied from 50 g h the smallest Martin diameter of the particle projection [29] , and represents 170 a particle width based on the assumption of a biomass particle to be thin- diameters of a particle [29] , and the longest measurable diameter x F e,max is 176 the largest diameter to fulfill the assumption that the length of a particle 177 has to be larger than its width. The results of a particle size analysis were
178
represented as a frequency distribution over x M a,min , based on volume.
179
The particle shape is characterized by sphericity (SPHT) and aspect ratio 
In equation 1, P is a measured circumference of a particle projection and A
184
is a measured area of a particle projection. The particle is considered to be 185 spherical when the value of sphericity is equal to 1 and non-spherical when 186 it is less than 1. The aspect ratio AR is defined as the ratio of particle width
187
(b = x M a,min ) to the particle length (l = x F e,max ).
X-ray diffraction. The crystalline constituents of the pulverized chars, gen-erated at 1000-1500
• C, were characterized using a Huber G670 X-ray diffrac- the sample placed in a thin layer into a flat disc-like rotating sample holder.
194
The collected XRD patterns were analyzed using Crystallographica Search- 
where β is the heating rate and R is the gas constant. A plot of ln(-ln(1-X) the chars with increasing heat treatment temperature in the present study.
282
The weak sharp and narrow reflections from crystalline silicon oxides as 
319
Comparing the spectra of the original biomass to the spectra of the chars 320 at 1000
• C showed that the polysaccharides were the most abundant compo- occurrence of silanol groups at fast pyrolysis conditions. In Figure 6 , the 335 spectra of rice husk chars, prepared at 1000-1500 29 Si MAS NMR spectra of the wheat straw samples as shown in Figure 5 . and wheat straw and their chars. The rice husk char kept the particle size of 438 the original lignocellulosic material in a temperature range of 1000-1500
• C.
439
The particle size of wheat straw chars, however, was significantly reduced 440 compared to the raw lignocellulosic material. The difference between the 441 two biomass materials was due to the lower content of silicates in the wheat 442 straw.
443
Regarding the shape, the main difference between the two herbaceous silicates. The cylindrically-shaped wheat straw particle formed a smooth 450 surface without any pores, keeping the char structure similar to the origi-451 nal wheat straw particle due to the formation of high-temperature melting 452 calcium silicates. The morphological differences between wheat straw char 453 particles were related to the inorganic compounds allocation in the wheat 454 straw as it was observed by Knudsen [41] . Pseudostem has a very high cal-455 cium content [59] , whereas the wheat straw leaves contain high amounts of 
Surface area analysis

493
The specific surface areas (SSA) of wheat straw and rice husk chars,
494
measured by the N 2 -adsorption, are shown in Table 4 .
495
It can be observed that the rice husk chars had a lower surface area than 496 the wheat straw at the same operational conditions. The surface area of 497 wheat straw and rice husk chars was recalculated as surface area on dry ash 498 free basis (daf) using equation 4 as shown in Table 4 .
In equation 4, A and M are fractions of ash and moisture. Since the ash has 500 a lower surface area compared to char, and rice husk has a higher ash con-501 tent compared to wheat straw, the surface area of rice husk became smaller.
502
However, the surface area on ash free basis of wheat straw and rice husk in Figure 10 .
513
The maximum conversion rate of the wheat straw chars took place be- and calcium silicates.
545
The presence of silicates in the rice husk and wheat straw was proposed 546 to affect the obtained char morphology. The particle shape of rice husk re-547 mained preserved at high heat treatment temperatures as observed by the 548 2D dynamic imaging analysis and SEM microscopy. The lower silicates con-549 tent and high levels of alkali in the wheat straw caused variations in char 
556
The wheat straw chars were observed to be more reactive than the rice 557 husk chars due to the higher level of alkali metals which catalyzes the oxi- 
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